The micro-topography feature of a riverine system is a controlling attribute to induce the change of patterns and magnitudes of hyporheic water exchange. The study aims to determine how hyporheic 
INTRODUCTION
Interactions between surface water and groundwater mainly occur in or across the hyporheic zone (HZ), which plays a pivotal role in hydrology discipline (Krause et al. ) .
The HZ is regarded as the saturated transition zone and the active ecotone between groundwater and the surface water body (Cheng et al. ) . Hyporheic water exchange is the movement of water that infiltrates and flows through the streambed and adjacent aquifer, and returns to the surface water after a short period of residence (Cranswick et al. ) , influencing and regulating the physical and biochemical transport processes (Revelli et al. ; Song et al. b) . Hence, accurate estimation of the hyporheic water exchange processes is essential to evaluate the fate and transport of the contaminants as well as the health of aquatic biota in aquifer systems, which is significant for water resources management and aquatic habitat investi- 
STUDY AREA AND METHODS

Study area
The study area (N34 In the study area, the left bank along the flow direction is an erosional bank while the right bank is a depositional bank (Figure 2(a) ). During the campaign in January 2015, a total of 18 tests were conducted along the meandering right bank with a length of 180 m, which could be divided into three sections including two convex banks (CB 1 and CB 2 ) as well as one depositional area (DA) (Figure 3(a) and Table 1 segmentations (SB 1 and SB 2 ), the riparian vegetation with two areas of 15 × 15 m 2 were investigated, which included coverage rates and major floristics of arbor, shrub, and herb adjacent to the bank/water interface ( Table 2 ). The major floristics in the two areas was almost similar, containing
Gramineae and Compositae, Oleander as well as Willow.
However, the riparian vegetation in SB 1 accounted for larger coverage rates, and was significantly closer to the bank/water interface in comparison to the vegetation in SB 2 . 
METHODS
Determination of patterns and magnitudes of hyporheic water exchange
Taking into consideration both convection and conductive transports, a one-dimensional heat transport model (Equation (1)) was applied to calculate the magnitudes of water exchange fluxes between surface water and groundwater. The prerequisites are the underlying hypothesis that water flow in the streambed is vertical (e.g., in the z direction, x ¼ 0, y ¼ 0) and the materials of the streambed are the natural saturated, porous, homogeneous media
where T(z) is the riverbed temperature at depth z at time t An underlying assumption is that the water flows are required to be upward in the vertical (z) direction, which is appropriate for the gaining area (e.g., upward flow) in the study site. Under the thermal steady-state conditions, the temperature variations of streambed sediment in the aquifer domain always tend to be constant during the measurement period, equivalent with @T=@t ! 0: Thus, it is a good approximation to treat it as zero, and expressed as follows (Anibas et al. ) :
The upper condition T ¼ T 0 ( W C) for the z ¼ 0 and the (Figure 4 ), and the analytical solution is given as follows:
Additionally, Equation (4) can be adjusted and rearranged to obtain the following equation (Schmidt et al. ) :
The one-dimensional heat steady-state transport model (Equation (5)) is undertaken using the parameters in January and July 2015 shown in (Table 3) . 
Calculation of bank curvatures
For the sake of feasibility, the bank/water interface is determined based on simulated estimation of bending shape by establishing the coordinate system in test sites ( Figure 5 ).
The x-axis is the distance from the first test point on the bank along the flow direction, while the y-axis is the perpendicular distance from the test site point to the x-axis.
Accordingly, the three convex banks (CB 1 , CB 2 , and CB 3 )
are simulated and corresponding fitting mathematical equations are obtained such that: 
where y 1 , y 2 , y 3 represent the fitting mathematical equations for CB 1 , CB 2 , and CB 3 respectively, practically reflecting the bending shape of the meandering banks ( Figure 5 ). The alluvial meandering banks were investigated taking into account site-and time-specific factors; and only the method obtaining the mathematical equations, but not the actual equations, could be applied at other test sites. Simultaneously on the basis of Equations (6)- (8) as well as curvature formula Equation (9), the curvatures of test points along the banks are calculated. The curvature formula is expressed as follows:
where θ is the curvatures of different test points along the meandering banks (e.g., θ ¼ 1=r, r indicates the curvature radius (Bai )). y 0 , y 00 are the first derivative and second derivative of y function, respectively.
According to the variations of bank curvatures, the corresponding test points along the meandering bank were conducted during the two campaigns in January and July (5) (Table 1) . However, in SB 1 and SB 2 , the magnitudes of vertical hyporheic water exchange with the low discrete degree were always the same. It may possibly be affected by microtopography along the meandering bank.
Applying Equations
Evaluation of curvatures for the different test points along the bank
The significant differences of temperature distributions are (Figure 9 ), which were significantly higher than the fluxes in other test points along the convex bank (Table 1 ).
In addition, the finding of higher vertical water exchange fluxes occurring near the bends' apex was similar to the results reported by Cardenas () in the USA.
Due to uncertainty of changeable bending induced by the depositional processes, no available data could be obtained to express curvatures for the DA in January 2015. The DA was gradually formed by a decreasing of stream flow from the upstream CB 1 (Figure 3(a) ). Comparing mean values of vertical hyporheic water flux of test points in DA with that of other test points along the bank, it could be found that the extent of vertical hyporheic water exchange increased with sediment deposition (Figure 7(b) and Table 1 ). The sediment materials in the DA consisted of silt deposition of the upper layer and The distances from the bounding of the riparian vegetation region to the bank/water interface, as well as coverage rates and species of arbor, shrub, and herb, are listed in Table 2 . Strikingly different distances are demonstrated ( Figure 10 and Table 2 ). In addition, in SB 2 riparian vegetation containing more willows was close to the bank/water interface, which accounted for the larger coverage rates compared to SB 1 ( Figure 10 and Table 2 ).
The same vertical upward water exchange patterns were presented for nine test points along the straight bank in July 2015 ( Figure 6(c) ). However, the mean magnitude of vertical water exchange fluxes in SB 2 was higher than that in SB 1 (Table 1) Additionally, the magnitudes of vertical water exchange fluxes in SB 2 were strikingly higher than in SB 1 (Table 1 and Figure 8 
